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INTRODUCTION PURPOSE AND SCOPE OF INVESTIGATION
The Fort Hall Indian Reservation contains substantial tracts of nonirrigated arable land. Expansion of the irrigated area would increase the prosperity, economic stability, and degree of self-sufficiency of the Indians on the reservation. The U.S. Bureau of Indian Affairs requested the U.S. Geological Survey to make a preliminary study of ground-water possibilities on the reservation, with special emphasis on the availability of ground water in the Lincoln Creek and Ross Fork districts (pi. 1), where additional surface water is not readily available. Adjoining areas, here called the Gibson Terrace, the Foothills, and the Michaud Flats districts, also were studied because of their close hydrologic relationship to the stratigraphic units in the Fort Hall Indian Reservation. The objective of the investigation was to appraise the general ground-water situation, help the Bureau of Indian Affairs plan additional irrigation development in the Fort Hall Reservation, and suggest where more intensive study might be warranted. Fieldwork, including geologic mapping, canvassing of wells, and collection of miscellaneous hydrologic data, was done by S. W. West and G. E. Brandvold, mainly in April 1955 . Wells in the Michaud Flats area were canvassed by Chabot Kilburn in April 1959. A preliminary report by S. W. West was released to the open file in April 1956. Subsequently, additional data were obtained and this report was prepared. Well records for the area have been compiled in a separate report (West and Kilburn, 1960) .
Useful general information about the geology, water resources, and water-level data in and around the reservation was available in published reports (Mansfield, 1920; Stearns and others, 1936 and 1938;  D3 U.S. Geological Survey Water-Supply Papers on surface-water supply of the United States, part 13, published annually). Local studies of water resources were made by the U.S. Bureau of Indian Affairs in conjunction with irrigation development on the reservation. The U.S. Bureau of Eeclamation investigated ground-water levels west of the reservation in the area centering on American Falls, and records from that investigation were available.
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LOCATION OF THE AREA
The Fort Hall Indian Reservation contains about 800 square miles in Bannock, Bingham, Caribou, and Power Counties, Idaho ( fig. 1 ). The part of the reservation described in this report is south and east of the Blackfoot and Snake Rivers, respectively, in Tps. 2-6 S., Rs. 33-37 E., Boise base line and meridian. The area is divided into five districts to facilitate discussion of the ground-water resources: the Lincoln Creek, the Koss Fork, the Foothills, the Gibson Terrace, and the Michaud Flats (pi. 1).
SURFACE-WATER SUPPLY AND OPERATIONAL PROBLEMS
Lincoln Creek and Koss Fork are small perennial streams for which discharge records are lacking, but the estimated average yearly discharge ranges from 6 to 8 cfs (cubic feet per second) in Lincoln Creek and 5 to 25 cfs in Ross Fork (A. K. Draper, irrigation engineer, Fort Hall Indian Reservation, oral communication, 1955) . Much of the runoff is during the nonirrigation season, and facilities for holdover storage are lacking. Sites for reservoirs on the streams reportedly are poor, and the costs of reservoir constuction would be relatively high.
When the discharge averages 8 cfs in Lincoln Creek during an irrigation period of 150 days, 2,400 acre-feet of water is available for run-of-the-stream irrigation from the creek hardly enough for the 740 acres of land already irrigated in the Lincoln Creek valley. When runoff is less than an average of 8 cfs, the land does not receive sufficient water.
The average runoff in Ross Fork is estimated at 11,000 acre-feet a year (based on an assumed average discharge rate of 15 cfs, the average of the estimated maximum and minimum average yearly flow). On that basis, the yield during an irrigation season of 150 days would be 4,500 acre-feet, or enough for about 1,100 acres of land. Runoff is rapid in late spring and early summer but is small during the nonirrigation season. Currently, all run-of-the-stream water from Ross Fork is utilized, and during late summer the supply is inadequate for the 1,400 acres now irrigated. Irrigation of additional land in the Ross Fork valley would require additional water.
The Buckskin Basin, in the northern part of the Ross Fork drainage basin, contains about 4,000 acres of arable land for which irrigation water has not been obtained. In addition, there are several thousand acres of nonirrigated arable land on the Gibson Terrace and in the adjoining Foothills district. An additional acreage could be irrigated by full use of the available ground-and surface-water supply in the area.
WELL-NUMBERING SYSTEM
The well-numbering system used in Idaho by the U.S. Geological Survey indicates the location of wells within the official rectangular subdivisions of the public lands, with reference to the Boise base line and meridian. The first two parts of a number designate the township and range. The third part gives the section number, followed by two letters and a numeral, which indicate the quarter section, the 40-acre tract, and the serial number of the well within the tract. Quarter sections are lettered a, b, c, and d in counterclockwise order, from the northeast quarter of each section ( fig. 2) . Within the quarter sections 40-acre tracts are lettered in the same manner. Thus, well 4S-34E-12bbl is in the NW^NW^ sec. 12, T. 4 S., E. 34 E., and is the well first visited in that tract. 
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WATER SUPPLY OF INDIAN RESERVATIONS
PHYSICAL SETTING
SURFACE FEATURES AND DRAINAGE
The Fort Hall Indian Reservation occupies parts of the Bannock, Portneuf, and Pocatello Ranges and the Snake River Plain. The altitude ranges from about 4,400 feet to more than 8,500 feet. In general, the mountains are smooth and rounded, but some of the higher peaks are moderately rugged. Interspersed between the mountains are broad valleys and basins that generally were formed on relatively soft rocks. The intervening harder rocks form ridges that generally have a north-or northwest-trending strike.
Buckskin Basin and the valleys of Ross Fork and Lincoln Creek are characterized by rounded gentle slopes. Locally, Ross Fork and Lincoln Creek have formed small flood plains across which they meander.
Several benches have been formed at the base of the mountains; one of the most prominent is Pocatello Bench that extends northward from Pocatello. The benches were cut by streams flowing for the most part directly off the uplands. The larger streams have welldeveloped flood plains and divide the benches into narrow segments. The flood plains merge with a broad alluvial plain, 6 to 8 miles wide, known as Gibson Terrace. The terrace extends westward to the Fort Hall Bottoms, which is on the present flood plain of the Snake River. The junction of the terrace and the Fort Hall Bottoms is marked by an erosional scarp whose maximum height is about 75 feet near the mouth of the Portneuf River. The height of the scarp decreases northeast of Ferry Butte, and the terrace merges with the Snake River Plain near Blackfoot. Southwest of the Portneuf River the terrace is known as Michaud Flats.
The Fort Hall Reservation is drained by five principal streams; all are tributary to the Snake River. They are, from north to south, the Blackfoot River; Lincoln Creek, a tributary of the Blackfoot; Ross Fork, a tributary of the Portneuf River; the Portneuf River; and Bannock Creek. Numerous springs issue on the Fort Hall Bottoms and supply the waters of Spring and Clear Creeks. Other springs discharge large amounts of water into the Portneuf River at the northeast end of Michaud Flats.
CLIMATE
The climate of the southeastern Snake River Plain is semiarid, the yearly precipitation averaging about 10 inches. Precipitation is moderately well distributed throughout the year; July and August are the driest months. The mean annual temperature is 45.0°F at Black-foot and 47.2°F at the Pocatello Airport (table 1) ; in the mountainous parts of the Fort Hall Reservation the mean annual temperature is somewhat lower.
The prevailing southwest winds commonly are strong and persistent. The average humidity is low, and evaporation from open water surfaces and transpiration by plants are high during the summer. The average length of the growing season for most crops on the Fort Hall Reservation is about 120 days, but the growing season for the hay crops commonly grown in the Lincoln Creek and Ross Fork valleys is as long as 150 days in some years. Precipitation in the mountains of southern Idaho is considerably higher than on the Snake River Plain, for it is as much as 30 inches or more per year in some localities. However, lack of good forest stands in the mountains of the Fort Hall Reservation indicates that annual precipitation there is generally less than 20 inches. Precipitation data are not available for higher elevations; so the total volume of precipitation for each district was computed from an isohyetal map of the U.S. Corps of Engineers (written communication, October 1948) .
The estimated average yearly volume of precipitation and its disposition in the report area are summarized in table 2. To make the estimate, evapotranspiration on nonirrigated land was assumed to equal all precipitation during the growing season, plus 50 percent of nongrowing season precipitation, not to exceed 3 inches (Blaney and Griddle, 1949) . Evapotranspiration is assumed to be 2.2 feet per year on irrigated land in the Lincoln Creek and Koss Fork valleys. Water used for irrigation of the Gibson Terrace is imported surface water and does not enter into the computation. The total annual amount available for ground-water recharge is estimated to be 140,000 acre-feet. 
INFLUENCE OP TOPOGRAPHY ON LOCAL WATER SUPPLY
The altitude and configuration of the land surface influence the amount and nature of precipitation and the runoff characteristics of drainage basins. Several feet of snow accumulates in the winter on the higher mountains in the Fort Hall Keservation. Melting of the snow commonly is slow, and, though the mountain slopes are steep, much of the melt water enters the ground. Some of the water restores soil moisture, some runs off, and the rest percolates to the water table and moves downvalley by underflow. The perennial flow of Lincoln Creek and Koss Fork is sustained by runoff of upland precipitation and ground-water discharge. During periods of heavy rainfall and rapid melting of snow, much water runs off; but during dry periods, upland surface runoff is remarkably small.
Snowfall on the Gibson Terrace ordinarily is light, and the snow rarely accumulates to a thickness of more than 2 or 3 feet. Melting of the snow often is rapid; but owing to the gentle slope of the land surface, runoff is light and much of the water enters the permeable soil, a part of it becoming ground water.
The depth to the water table in areas of high relief characteristically is greater than it is in areas of low relief; however, it commonly is modified by local differences in the permeability of the water-bearing materials and by unequal distribution of ground-water recharge.
STATUS OF DEVELOPMENT ON THE BESEBVATION
The reservation is in the most prosperous farming and industrial area of eastern Idaho. From 1940 to 1950 the population increased by 6,986 in Bannock County and 2,227 in Bingham County (table 3) . The increase in the Fort Hall Eeservation was 778, or 27 percent.
The economy of the reservation is chiefly agricultural, but a small amount of phosphate is mined. Some plain and valley tracts are irrigated, the largest being on the Gibson Terrace. A small acreage of wheat is raised by dryfarming on foothill terraces. Stock grazing is the principal agricultural enterprise on nonirrigated reservation lands. Good stands of native grass on foothill slopes and terraces provide summer forage for many sheep and cattle. Water for the livestock is pumped by windmills from several wells dispersed in the rangeland. Water rights and water use on the reservation are very complex. An analysis of these would be appropriate in a comprehensive study, but it is beyond the scope of this report. Most irrigation water used in the northern part of the reservation is diverted from the Snake and Blackfoot Eivers, but a small amount is obtained from Lincoln Creek and Eoss Fork. Water is diverted from the Snake Eiver west of Shelly in sec. 31, T. 1 N., E. 37 E., and is transmitted through the reservation canal to the Blackfoot Eiver, into which it spills in sec. 24, T. 2 S., E. 36 E., upstream from the principal diversions on the reservation (pi. 1). In addition, a small amount of water is diverted to the Blackfoot Eiver from Sand Creek. Blackfoot Eeservoir, on the Blackfoot Eiver, which has a designed storage capacity of about 413,000 acre-feet, im-pounds runoff from the upper basin of the Blackfoot River ( fig. 1 Michaud Flats contains about 30,000 acres of nonirrigated arable land. The Bureau of Indian Affairs is developing 21,000 acres of the flats for irrigation with water from Snake River, which is stored in Palisades Reservoir. As of April 1959, about 2,300 acres of land on Michaud Flats was irrigated with ground water from 16 privately owned wells.
GROUND-WATER GEOLOGY GEOLOGIC FEATURES THAT AFFECT THE WATER SUPPLY
The occurrence of ground water on the Fork Hall Reservation is closely related to the geology and is as varied as the geologic features. The water-bearing materials range from highly permeable to nearly impermeable.
Consolidated rocks of Paleozoic age that crop out in the Lincoln Creek and Ross Fork districts are chiefly quartzite, limestone, dolomite, and sandstone. Undifferentiated sedimentary rocks of Mesozoic age consist of shale, impure limestone, and sandstone. Layers of silicic volcanic flow rocks, welded tuff, and volcanic ash all Tertiary in age overlie the Paleozoic and Mesozoic sedimentary rocks in a large part of the area. Much of the older rock was covered by basalt part of the Snake River basalt which is Pliocene to Recent in age, during a late episode of volcanic activity. The basaltic lava flows spread over the eroded, irregular surface of consolidated older rocks and over accumulations of detritus derived from them. Alluvium and windblown materials, ranging widely in thickness, overlie much of the consolidated rocks. The surface distribution of the various rock units is shown on the geologic map (pi. 2). Table 4 summarizes the distribution of geologic formations and their physical and water-bearing characteristics. For further information on the geology the reader is referred to Mansfield (1920) , who described the geologic formations in more detail than presented in this report.
The consolidated sedimentary rocks in the Fort Hall area are steeply tilted in many places and are intensely faulted and jointed, and locally they are brecciated. Some of the sedimentary rocks of Paleozoic and Mesozoic age are very permeable owing to closely spaced systems of fractures. Ground water, percolating through fractures in the limestone and dolomite, has enlarged many of the openings by solution, further increasing the permeability of the rocks. The folded shale is compact and much less permeable than other sedimentary rocks. The silicic volcanic rocks and the basalt also are very permeable, owing to closely spaced intersecting fractures. The alluvium and windblown materials range widely in permeability because of variations in their texture and bedding characteristics.
The physical character and structural attitudes of the rocks on the Fort Hall Eeservation affect the rate of ground-water recharge, the storage capacity of the rocks, and the direction and velocity of groundwater movement. The intensely fractured consolidated rocks that crop out in the mountains may locally accept ground-water recharge readily and transmit it to foothills and lowlands. In the northern part of the area, permeable silicic volcanic rocks underlying the alluvium and the Snake River basalt are productive aquifers. The Snake Eiver basalt is the principal aquifer in the Snake Eiver Plain and contains water at shallow depth at some localities north of Gibson, but at many places in the upland parts of the reservation the basalt is above the water table. The well-sorted alluvial sand and gravel beneath the Gibson Terrace and Michaud Flats is a highly productive aquifer and probably is the best source of ground Fort Hall Reservation,. In the valleys of Lincoln Creek and Ross Fork, gravel and other alluvial deposits are less permeable than those beneath the Gibson Terrace, because they contain a larger proportion of poorly sorted fine-grained material. The windblown materials are mainly well-sorted silt and sand which mantle large areas underlain by alluvium and consolidated rocks. They range in thickness from a veneer to several tens of feet. The fine-grained deposits have a high moisture-retention capacity and support a good stand of range vegetation. Thin deposits of coarse windblown sand are widespread on the northern part of the Gibson Terrace, Michaud Flats, on the adjacent foothills, and in the lower part of the valley of the Blackfoot River. This material is highly permeable and has a relatively low moistureretention capacity. Where canals cross the coarse sand on the Gibson Terrace, the transmission loss of irrigation water is high. Crops out d i s c o n t i n u o u s l y in a nor t h-e a s t w a r d -t r e n d i n g belt in the Foot hi l l di st r i ct and al ong the n o r t h we s t side of the mo u n t a i n o u s ar ea.
f a t e r -b e a r i n g p r o p e r t i e s not known but pr oba bl y will yield a de qua t e wat er for l i v e s t o c k s uppl i e s ; ot herwi se not an i mp o r t a n t aqui f er . Each of the five principal physical subdivisions (districts) of the Fort Hall Reservation has distinctive geologic features that affect the occurrence of ground water. In the valley part of Lincoln Creek and Ross Fork and in the Gibson Terrace and Michaud Flats districts (pi. 1) shallow unconfined aquifers accept recharge readily and furnish ample water for domestic and stock use. Some of the shallow aquifers are potential sources of water for irrigation. In the Foothills and Lincoln Creek districts, and possibly in other districts, artesian aquifers have been tapped by wells at a few places, but the potential yields of these aquifers and their possible role in irrigation development are not known. Seeps and springs having small to large yields are common in the northern and western parts of the Fort Hall Reservation. Contours drawn on the water table in part of the area are shown on plate 1, and records of wells are given in a companion report by West and Kilburn (1962) .
LINCOLN CREEK DISTRICT
The valley of Lincoln Creek was eroded out of ancient sedimentary and volcanic rocks. Coarse detritus from the mountains was deposited in coalescing alluvial fans (part of the slope wash, older alluvium, alluvial fan deposits, and reworked volcanic ash on pi. 2) that form the lower slopes of the valley. Subsequently, alternate erosion and deposition in the lowland formed the flat narrow flood plain which is the modern valley floor. The alluvial fans adjacent to the valley floor were extensively eroded, and at many places they are now covered by windblown silt. The depth, configuration, and specific nature of the consolidated bedrock beneath the valley are not known. Well 3S-36E-14dbl, the only one drilled to bedrock in the valley, is 268 feet deep, and the depth to bedrock is 145 feet. The water yield of the bedrock reportedly was small.
Small springs and seeps issue from consolidated rocks of Paleozoic and Mesozoic age, and one group, Yandell Springs, in sec. 31, T. 3 S., R. 37 E., yields several cubic feet per second apparently from cherty and siliceous limestone of Paleozoic age.
The valley alluvium consists of interbedded clay, sand, and gravel, and poorly sorted mixtures of these. Commonly, the alluvium contains appreciable amounts of coarse sand and gravel. It probably would yield at least several tens of gallons of water per minute to properly constructed and effectively developed wells.
The water table is at a depth of less than 50 feet beneath much of the Lincoln Creek flood plain (pi. 3) and is at or near the surface beneath some of the low-lying land. Ground-water seeps are com-mon in the lower parts of the valley. Part of the shallow ground water is tributary to Lincoln Creek and sustains the base flow of the stream. The general direction of ground-water underflow is along the axis of the valley, toward the Blackfoot Eiver valley (pi. 1). Pumping of ground water would reduce the amount discharged to Lincoln Creek and the Blackfoot Eiver valley and the amount of creek water available for irrigation.
Practically nothing is known about artesian water in the Lincoln Creek district. Well 3S-36E-2adl at the Lincoln Creek School (185 ft deep) reportedly flowed about 25 gpm (gallons per minute) into a basement pit about 7 feet deep when the well was completed in January 1935.
BOSS FORE DISTRICT
The early geologic history of the Boss Fork basin was similar to that of the Lincoln Creek basin. Erosion by Eoss Fork was interrupted during Quaternary time by basaltic lava flows which blocked the mouth of the valley and impounded the creek. Sediments deposited in the lake above the natural dam were predominantly fine grained. The basalt dam eventually was breached by erosion, or the lake was filled with sediments, and stream erosion was renewed. Some of the lake sediments, intermixed with windblown silt, were reworked by Eoss Fork during the development of the present-day flood plain. The average thickness of the flood-plain sediments and lakebeds and the character of the underlying materials have not been determined.
Basalt crops out along Eoss Fork in the central part of sec. 31, T. 4 S., R. 36 E., and is present beneath part of the area. Well 4S-35E-22acl, in the Foothills district about 2 miles north of the creek, was drilled in basalt from 88 to 256 feet and in gravel from 256 to 260 feet below the land surface. Well 4S-36E-19cbl, in Buckskin Basin, was drilled in basalt and cinders from a depth of 53 feet to the bottom at 273 feet. Well 5S-36E-5cbl is 150 feet deep and near the bottom is rock that reportedly resembled basalt. Well 5S-36E-7ddl, which is 96 feet deep, was drilled entirely in fine-grained sediments.
Gravel probably is interposed between the basalt and older bedrock at most places in the Eoss Fork district, but the only direct evidence is a driller's report of gravel beneath the basalt in well 4S-35E-22acl. The average depth of the base of the basalt in the Eoss Fork basin has not been determined.
The average depth of wells in the valley flood plain is less than 100 feet. The depth to the water table in much of the Eoss Fork valley is less than 50 feet (pi. 3). Two miles north of the confluence of the South Fork and Koss Fork Creeks, however, the depth to water in well 4S-36E-19cbl is about 230 feet.
The general direction of ground-water movement in the Ross Fork basin is northwestward, in the same direction as the surface drainage (pi. 1). The water-bearing materials beneath the valley floor are relatively low in permeability and their cross-sectional area is small. Saturation of almost the full cross-sectional area and a steep watertable gradient are necessary to transmit the ground water through the valley. Near the confluence of Ross Fork and South Fork the ground water moves through the southern part of the Buckskin Basin, through alluvium and other aquifers in the Foothills district, and thence westward beneath the Gibson Terrace toward the Snake River. The relatively great depth to water in the Buckskin Basin is caused partly by the higher altitude of the land surface and partly by the presence of permeable gravel and basalt. A small saturated cross-sectional area of the aquifers and a gentle water-table gradient are adequate to transmit the available water.
Wells on the flood plain in the upper part of the Ross Fork valley probably would yield several tens of gallons of water per minute, but pumping would reduce ground-water inflow to the surface streams.
Wells in the basalt and gravel aquifers of Buckskin Basin might yield several hundred gallons of water per minute, with pumping lifts of 200 to 300 feet. Pumping probably would not directly affect the flow of Ross Fork.
FOOTHILLS DISTRICT
The depth to the water table beneath much of the Foothills district is more than 200 feet, and in the higher areas the depth probably exceeds 500 feet (pi. 3). Unconfirmed ground water occurs in basalt, gravel, and silicic volcanic rocks; confined (artesian) water occurs under low pressure at some places in the silicic rocks.
Water for stock is obtained from a few wells in the Foothills district, and the available supply is adequate for additional stock wells. In much of the district the pumping lift would average more than 300 feet. Several deep irrigation wells on the Pocatello Bench have tapped artesian aquifers. The average lift in these wells probably is less than 270 feet. The performance of three irrigation wells in the district is summarized in table 5.
The unconfmed ground water in the Foothills district migrates to the lowland aquifers, and most of it passes beneath the Gibson Terrace (pi. 1). Water in the artesian aquifers may pass beneath the Blackfoot River and the Gibson Terrace, leaving the area without reappearing at the surface. The amount of water transmitted by artesian aquifers is not known, but it may be substantial. 
GIBSON TERRACE DISTRICT
The sedimentary materials underlying the Gibson Terrace rest on an irregular surface of basalt and silicic volcanic rocks, where they were deposited over much of the area by the Snake Eiver during a cycle of channel and flood-plain deposition. After that cycle the Snake Biver eroded part of the flood plain, formed the Fort Hall Bottoms and the modern river valley, but left a flood-plain remnant which is the Gibson Terrace. Two volcanic cones in the northern part of the terrace, Gibson and Ferry Buttes, protrude through the terrace.
The sediments beneath the Gibson Terrace and the Fort Hall Bottoms range in texture from clay to boulders. Gravel and coarse sand predominate in the upper 100 to 150 feet. Well-sorted sand with stringers and lenses of gravel are common. A few beds are principally clay and silt. Little is known about the sediments at depths greater than 150 feet because few wells on the Gibson Terrace are deeper than 150 feet.
The depth to the water table in the Gibson Terrace district ranges generally from a few feet to about 85 feet, but beneath much of the area it is less than 50 feet (pi. 3). The average measured depth to water in 49 wells was 48 feet. The greatest depth to water is in the eastern part of T. 5 S., E. 34 K, north of Tyhee.
Water for domestic and stock use is obtained from small-diameter wells averaging less than 100 feet in depth. The ground water is plentiful and well failures are rare. Some apparent failures have been corrected by deepening the wells to a more productive waterbearing zone.
The capacity of aquifers beneath the Gibson Terrace is considerably greater than the draft by existing small-diameter wells and small pumps. Larger wells probably would yield at least as much water as wells that tap similar water-bearing materials in nearby areas. For example, the town of Blackfoot, 1 mile north of the Fort Hall Reservation (pi. 1), has 5 public-supply wells. Another large-capacity well at Blackfoot furnishes water to the Idaho State Hospital South. All but one of these wells was drilled through the alluvium into the underlying volcanic rocks from which they obtain their water supplies. Their depths range from 100 to 868 feet, and their average diameter is 16 inches. The yields during pumping tests ranged from 650 to 930 gpm and averaged 735 gpm. Pocatello and adjacent communities, at the southern end of the terrace, also obtain their water supplies from the alluvium underlyling the terrace. The specific capacity of two of the wells owned by the city of Pocatello was very large. One yielded more than 3,000 and another 5,900 gpm per foot of drawdown. The yields and specific capacity of several wells near Blackfoot and Pocatello are summarized in table 6. Comparison of the water-table gradient and the estimated flow through the aquifers underlying the Gibson Terrace also suggests that these aquifers are very permeable. In a later section of the report it is estimated that local recharge to aquifers underlying the Gibson Terrace is about 260,000 acre-feet per year. This would be equivalent to an underflow of about 230 mgd (million gallons per day) at the outer edge of the terrace, where the water-table gradient averages roughly 20 feet per mile.
Underflow in an aquifer is given by the equation or = where Q is the quantity of underflow in gallons per day, T is the coefficient of transmissibility of the aquifer in gallons per day per foot, 7 is the hydraulic gradient in feet per mile, W is the width of the aquifer in miles. The margin of the terrace is about 14 miles long, and using this distance as the width of the aquifer in the equation gives a coefficient of transmissibility of about 800,000 gpd per ft (gallons per day per foot). The actual transmissibility probably is considerably larger, because an undetermined amount of underflow from the Snake River Plain to the northeast also provides underflow beneath the Gibson Terrace and discharges to the Snake River in this reach. Assuming a saturated thickness of 100 feet and a transmissibility of about 800,000 gpd per ft, the field coefficient of permeability would be about 8,000 gpd per sq ft.
Hydrographs of two observation wells ( fig. 3) show that water-level fluctuations are strongly influenced by irrigation. Well 5S-34E-20cbl is in an area intensively irrigated with surface water. The water level starts rising almost as soon as water is turned into the canals, the first part of April, and declines when the canals are dry at the end of the irrigation season. Well 4S-34E-5ccl has the same general trend. but the record indicates the time of rise and decline in the water level lags behind well 5S-34E-20cbl because it is a few miles away and down the water-table gradient from an irrigated area.
Underflow from the Gibson Terrace is toward the Snake River and its tributaries between Blackf oot and Pocatello (pi. 1) , and some of the ground water is discharged into those streams. Depletion of ground water by consumptive use on land brought under ground-water irrigation would decrease ground-water discharge to the surface streams. 
MICHAITD FJjA.T8 DISTRICT
Michaud Flats is underlain by interbedded gravel and fine-grained sediments which comprise part of the alluvial fan deposits of the Portneuf River and Bannock Creek. In much of the area these sediments were probably deposited on an irregular surface of basalt and silicic volcanic rocks. Many wells drilled in the northeast quarter of T. 6 S., R. 33 E., pass through the alluvium and reportedly penetrate volcanic rocks at depths of less than 225 feet.
The water in the alluvium and volcanic rocks in much of the area is unconfined, but the water may be confined locally. The depth to water in Michaud Flats generally ranges from a few to about 100 feet, but in much of the area the depth is less than 50 feet below the land surface (pi. 3). Much ground water is discharged from springs into the Portneuf River along the northwest side of the flats. One of the larger springs, Wide Creek, discharges about 60 cfs.
Exploration and development of ground water for irrigation and industrial uses has been more intensive in Michaud Flats than in other parts of the reservation. Many wells mainly in sand and gravel aquifers yield large amounts of water with little drawdown. The volcanic rocks yield large supplies locally. Domestic and stock wells rarely fail to obtain adequate supplies of water from the alluvium. The performance and yield of several large capacity wells are summarized in table 6.
Water-level fluctuations beneath Michaud Flats have been recorded in wells 5S-33E-35ccl and 6S-33E-20abl (fig. 4) . The magnitude of the annual fluctuations is small; it is about 2 feet or less. Well 6S-33E-20abl may record fluctuations of an artesian aquifer. The water level in this well has declined about 1 foot between 1954 and 1958. The short record available for well 5S-33E-35ccl shows little net change in water level.
GROUND-WATER RECHARGE
Ground-water recharge in the Fort Hall Reservation is by percolation of irrigation water from canals and irrigated fields, infiltration of precipitation, and underflow from adjacent upgradient areas. Locally, Lincoln Creek, Ross Fork, and the Blackfoot River lose water by seepage. The amount of recharge from irrigation depends on the amount of water supplied to the land in excess of crop needs and the permeability and moisture-retention capacity of the subsurface materials. Consumptive use varies with the types of crops grown, the length of the growing season, the number of daylight hours, the temperature and humidity, and probably with the amount of water applied (Blaney and Griddle, 1949) . The final proportional disposition of irrigation water as soil moisture, surface waste, and ground-water recharge in the reservation is not known. On the basis largely of data compiled by Griddle (1947) for water depletion by irrigated crops under conditions similar to those around Fort Hall, the writers estimate that the average yearly consumptive water requirement of irrigated crops in the reservation is about 16 inches (1.3 acre-ft per acre) of applied water and about 3 inches of precipitation. Owing to lack of empirical data for the irrigated land, the estimate of consumptive use was made deliberately liberal, and therefore the ensuing estimate of ground-water recharge is correspondingly conservative. Accordingly, the yearly rate of consumptive use assumed for further computations is 2.0 acre-feet per acre of applied water and 0.2 foot of precipitation.
The average yearly farm-delivery requirement of water for all irrigated land on the reservation reportedly is about 4 acre-feet per acre. The actual delivery rate is less than 4 feet to the Lincoln Creek and Ross Fork valleys but considerably more than 4 feet to parts of the Gibson Terrace. The total diversion to the Gibson Terrace averaged about 220,000 acre-feet per year during recent years. Consumptive use of 2.0 acre-feet per irrigated acre leaves about 150,000 acre-feet for ground-water recharge from irrigation on the Gibson Terrace 220,000 acre-feet (2 acre-ft per acre X 33,000 acres). Table 7 shows the sources of recharge for some of the districts. The amount of ground-water recharge from irrigation and from precipitation on the Lincoln Creek and Ross Fork districts were not segregated because there is no interbasin transfer of irrigation water; all the water is derived from precipitation within the respective drainage basins. Irrigation with creek water in the two basins has changed radically the preexisting natural proportions of evapotranspiration, surface runoff, and ground-water recharge. The total amount of recharge in each was computed as the volume of precipitation less surface runoff and evapotranspiration.
An estimate of the average yearly volume of precipitation and its disposition in each of the ground-water districts was derived as stated on page D7. (See table 2.) Precipitation that is not disposed of by evapotranspiration or runoff becomes ground-water recharge.
In the Gibson Terrace district, recharge from precipitation, from irrigation loss, and from underflow from other districts is estimated to be about 260,000 acre-feet a year (30,000 acre-ft from precipitation, 150,000 from irrigation, and 80,000 of underflow from the Ross Fork and Foothills districts). In addition, a large but undetermined amount of underflow between the Snake River and the foothills enters the area from the northeast.
In the Michaud Flats district, recharge is from precipitation on the area, underflow from the upland to the south, and underflow from the Portneuf River and Bannock Creek basins. Recharge from precipitation is probably the smallest of these. The volume of recharge from other sources has not been determined, but it may be substantial. Stearns and others (1938, p. 139, 223) estimated that underflow in the Portneuf valley was 50,000 acre-feet a year. The discharge of Bannock Creek is extremely small in comparison with similar basins. Further, the sparse records of inflow from streams tributary to Bannock Creek suggest that the Bannock Creek basin is yielding considerably more water than can be accounted for. Thus, it is possible that groundwater outflow from this basin is substantial. The discharge from 3 springs on the southwest side of the Portneuf River alone amounted to 185 cfs (Stearns and others, 1938, p. 138) . It seems likely that total underflow beneath Michaud Flats is several hundred cubic feet per second.
GROUND-WATER MOVEMENT AND DISCHARGE
Ground water moves from places of recharge to places of discharge down the hydraulic gradient at approximately right angles to the contours on the water table or pressure surface. The approximate position of the water table in the spring of 1955 is shown by the watertable map (pi. 1). Water-level contours for Michaud Flats were not drawn because of inadequate information on the altitude of wells.
The direction of ground-water movement in the Ross Fork, Lincoln Creek, and Foothills districts is in general parallel to the surface drainage. The general direction of movement is westward to the Gibson Terrace and Snake River Plain. Both the Snake and Blackfoot Rivers are above the water table in the vicinity of Blackfoot. Water percolating downward from these streams and from irrigated land on the Snake River Plain northeast of the Gibson Terrace moves southwest beneath the terrace to join ground water percolating into the area from the south. The ground water moves southwestward beneath the Gibson Terrace and discharges from springs in the Fort Hall Bottoms. Stearns and others (1938, p. 137 ) estimated that about 1,400 cfs of water is discharged from the springs in the Fort Hall Bottoms and along the Portneuf River near its mouth. This figure of 1,400 cfs apparently included 230 cfs from springs on the northwest side of the Snake Kiver and American Falls Eeservoir and 185 cfs from springs on the southwest side of the Portneuf Eiver. Deducting these amounts from 1,400 leaves about 1,000 cfs discharging from the Fort Hall Bottoms southeast of the Snake Eiver. However, according to Stearns and others (1938, p. 139) , the total gain of the Snake Eiver from springs in the reach between Blackfoot and American Falls is about 2,500 cfs. Spring discharge not directly accounted for (2,500 cfs, the total gain, 1,400 estimated from Fort Hall Bottoms) in the reach from Blackfoot to American Falls, therefore probably exceeds 1,000 cfs, of which several hundred cubic feet per second probably discharges from the Fort Hall Bottoms. Thus, the discharge from the Fort Hall Bottoms is at least 1,000 cfs, and it may be as much as 1,500 cfs, or 730,000 to 1,000,000 acre-feet a year. The discharge of these springs is nearly constant, as is indicated in table 8. The annual fluctuation of the springs is in most cases only about 10 percent of their average discharge. Sept. 30,1955 . 2 Stearns, and others (1938 , p. 138). 8 Sept. 14,1925 Springs and seeps are common throughout the mountainous parts of the reservation; however, the discharge of these springs and seeps has not been determined. The largest spring is probably Yandell Springs in the SE^ sec. 31, T. 3 S., E. 37 E., which discharges several cubic feet per second and supplies a large part of the flow of Lincoln Creek.
Ground water is discharged by phreatophytes locally in the Lincoln Creek valley, along Eoss Fork, and in the Fort Hall Bottoms where the water table is near the surface.
Large amounts of ground water are pumped for irrigation, industrial, and municipal use. The total estimated ground-water with-drawals for the above uses, in the area of this report, is about 50,000 acre-feet per year. The areas of major withdrawals are the Blackfoot area, 4,000 acre-feet; Pocatello area, 35,000 acre-feet; Michaud Flats, 8,000 acre-feet; and the Pocatello Bench area, 2,000 acre-feet. The wells are pumped at rates ranging from about 300 to 3,000 gpm. Some additional ground water is pumped for domestic and stock use.
WATER SUPPLY
The total water supply of an area consists of all the surface water and all the ground water, and a complete inventory of the water supply would include both. In the present study, however, data on the availability, diversion, and use of surface water contain discrepancies that cannot be resolved within the scope of this report. Accordingly, a discussion of the surface-water supply, as such, is omitted. Assuming the supply to be a relatively fixed quantity under established water rights, irrigation of additional land on the reservation would depend on more efficient use of the surface water and on utilization of ground water. However, it is apparent that any increased consumptive use of ground water within the area will ultimately decrease the amount of ground water discharged to the Snake River and American Falls Reservoir, and thus will affect the amount of surface water available from that system.
The overall ground-water supply in the report area was estimated on the basis of precipitation and streamflow records and consumptiveuse requirements. The estimated recharge from precipitation in the report area is 140,000 acre-feet a year (table 2). The recharge from irrigation (exclusively on the Gibson Terrace) is about 150,000 acrefeet a year (p. D22). The total from these two sources is 290,000 acre-feet a year. An additional large but undetermined amount of ground water moves into the Gibson Terrace from the northeast.
Not all the potential ground-water supply can be intercepted by pumping from wells. The relatively large increment of recharge from surface-water irrigation, however, favors recovery during the irrigation season.
Although the rates of ground-water recharge and underflow are not constant, it seems reasonable to assume that, in the part of the reservation irrigated with surface water, 30 to 40 percent of the yearly ground-water outflow occurs during the irrigation season of 120 to 150 days. Probably not all the seasonal outflow could be intercepted by pumping but perhaps a substantial portion could be. The proportion of the total yield that can be intercepted in any basin depends upon many hydrologic factors and operational practices; however, in general, an estimate of 25 percent is believed to be rea-sonably conservative for the Fort Hall Reservation. It is recognized that probably much more than the estimated 25 percent of the total ground-water supply could be pumped by drawing heavily from storage during the pumping season. Table 9 summarizes the groundwater supply of the districts and shows the amounts that could be pumped by assuming a recovery of 25 percent. Nearly all the ground water from the Foothills district, the Ross Fork district, and the Gibson Terrace moves through the permeable sand and gravel of the Gibson Terrace to the Snake River. Also, a large amount of underflow from the Snake River Plain to the northeast flows beneath the Gibson Terrace to the Snake River. Also, a large amount of undermated discharge of springs in this reach is about 1,000 to 1,500 cfs, or on the order of 1,000,000 acre-feet per year. Undoubtedly several hundred thousand acre-feet of water could be withdrawn from aquifers underlying the terrace. However, withdrawal of water for irrigation on the terrace would deplete inflow to American Falls Reservoir by an amount equivalent to the increased consumptive use in the area. 
SUITABILITY OF THE WATER FOR IRRIGATION GENERAL CHEMICAL FEATURES
Little is known about the quality of ground water in the Fort Hall Indian Reservation, as systematic water sampling has not been done. However, considerable data are available for adjoining areas. Table  10 lists the available water analyses that have been made by the U.S. Geological Survey, the Idaho Department of Public Health, and pri-vate laboratories of ground and surface waters in and adjacent to the Fort Hall Reservation.
Both the ground waters and the surface waters range moderately in concentration of dissolved solids, the range for ground waters being from 242 to 564 ppm (parts per million) and that for surface waters being 248 to 314 ppm. The ground water is predominantly a calcium bicarbonate water containing lesser amounts of magnesium. One analysis, however, indicates a high calcium sulfate water.
CLASSIFICATION OF THE WATER FOB IRRIGATION USE
The chemical suitability of water for irrigation depends chiefly on four factors: the content of dissolved solids (salinity) indicated by specific conductance, the relative proportion of sodium to calcium and magnesium, the bicarbonate concentration as related to the concentration of calcium and magnesium, and the concentration of boron. Among these four principal factors, the amount of dissolved sodium in proportion to the amount of calcium and magnesium largely determines the suitability of water for irrigation.
Two criteria for evaluating the sodium (alkali) hazard of irrigation waters are the percent sodium (Wilcox, 1948) and the sodium-adsorption-ratio (SAR) (U.S. Salinity Laboratory Staff, 1954) . Neither one of these is an absolute criterion by itself because the suitability of a water is influenced in some degree both by soil-drainage conditions and by water-management and soil-amendment practices.
The classification and suitability of eight samples of water for irrigation use in the Fort Hall Reservation area (based on the chemical analyses in table 10) are shown in table 11. In the remaining samples of table 10 the amount of sodium and potassium in the sample and the specific conductance of the sample were not determined and, thus, their suitability could not be evaluated.
The samples are rated as good to excellent according to percent sodium (Wilcox, 1948) ; and they have a medium salinity hazard and a low sodium ("alkali") hazard, according to the specific conductance and the sodium-adsorption-ratio of the water (U.S. Salinity Laboratory Staff, 1954) . It is probable that most of the waters, for which analyses are shown in table 10, would be suitable for irrigation. The feasibility of ground-water irrigation depends, among other things, on (1) the perennial availability of adequate ground water, (2) the accessibility of the ground water in areas of potential use, (3) the yield of individual wells or well fields, (4) the pumping lift, and (5) the number of wells required. Consideration of other factors, such as the quality of arable land, the cost of the water-distribution system, the installation and maintenance costs of wells and pumps, and the unit cost of power for operating the pumps, is beyond the scope of this report. In the following discussion the Foothills district is excluded, because, so far as is known, ground-water irrigation in that district has not been considered by the Bureau of Indian Affairs.
LINCOLN CREEK DISTRICT
According to records of the Bureau of Indian Affairs, there is 1,200 acres or more of nonirrigated arable land in the Lincoln Creek valley. The average farm-delivery demand for that land would be slightly less than 4,800 acre-feet of water a year. Irrigation with sprinklers probably would require somewhat less water. The estimated groundwater outflow in the Lincoln Creek district is 20,000 acre-feet per year. Assuming that 25 percent of this (5,000 acre-ft) could be recovered, there would be enough water to furnish 4.2 acre-feet per acre to the 1,200 acres. A larger amount of water could be obtained by drawing heavily from storage. Pumping of ground water would reduce the base flow of Lincoln Creek to some extent.
Well yields in the valley of Lincoln Creek ordinarily would be small. Large drawdown and relatively high pumping lifts would be necessary to obtain higher yields, and a proportionately large number of wells would be needed to withdraw the required amount of water. The construction, development, and maintenance costs of wells and pumps would be correspondingly large. Further investigation, including test-well installation, would be necessary to develop reasonably firm estimates of available water, practicality of pumping, and effects of pumping on the flow of Lincoln Creek.
ROSS FORK DISTRICT
The Bureau of Indian Affairs would like to obtain sufficient ground water in the Ross Fork district to irrigate 2,000 acres, all of which presumably is in an area that could be served with the usable groundwater supply. Pumping of about 8,000 acre-feet of ground water per year would be necessary for furrow irrigation, but less would be needed for sprinkler irrigation. The estimated outflow of ground water in the Ross Fork district is 50,000 acre-feet per year. Assuming that 25 percent of this amount could be recovered, the supply is adequate for the 2,000 acres. By drawing heavily from storage it is likely that a larger amount could be recovered, probably sufficient for all the irrigable land in the district.
Yields from wells in the Ross Fork District would range widely and would be smaller in the southern part than in the northern part. The number of wells required to withdraw the necessary water cannot be estimated but probably would not be excessive. The pumping lift in the northern part of the district would be greater than in the southern part, but would be less than 250 feet at most places. The costs of well construction, pump installation, and maintenance probably would range from moderate to somewhat high.
The feasibility of irrigating the arable land in the Ross Fork district is sufficiently probable to warrant further study, including drilling of test wells, if development on that scale is desired by the Bureau of Indian Affairs. Alternative means for irrigating with surface water may be more feasible, but the alternatives have not been studied by the writers.
GIBSON TERRACE DISTRICT
The estimated recoverable ground-water supply in the Gibson Terrace district is several hundred thousand acre-feet a year (table 9 and p. D26), enough to irrigate many thousand acres. The number of nonirrigated arable acres on the Gibson Terrace is not known. Planimetric measurements on maps indicate a total land area of 73,000 acres that could be supplied by gravity from the Fort Hall Main Canal. About 33,000 acres already is irrigated, leaving 40,000 nonirrigated acres. A substantial part of that acreage is not arable because it is occupied by stream channels, shifting sand dunes, and gravelly is the quality of the soil. The potential of the Michaud Flats district is not appraised.
Any increase in consumptive use of ground water in the area will be accompanied by a corresponding decrease in ground-water discharge, although there would be a timelag between increased use and decreased outflow. As ground-water discharge is an important component of surface flow in the Snake Eiver, increased use of ground water will decrease the amount of surface water available.
ADDITIONAL WATER STUDIES
Data on ground water in the reservation consist of a few records of static water level in wells (chiefly one measurement per well) and of minor miscellaneous information about existing domestic and stock wells. The properties of the aquifers are known only from fragmentary drillers' logs, verbal descriptions of materials penetrated in existing wells, and direct examination of outcrops of aquifers and rocks believed to resemble the acquifers. Additional data would be helpful.
Use of water from the reservation canal and the Blackfoot Biver possibly could be modified to permit serving additional land for which supplemental ground water might be pumped. The available groundwater supply of the Gibson Terrace district presumably could be used to irrigate many thousand acres.
It is estimated from topographic maps of the Geological Survey that the Fort Hall Reservation contains nearly 20,000 acres of land upslope from the Fort Hall Main Canal and downslope from the 4,800-foot land-surface contour. The 4,800-foot contour crosses the Blackfoot Biver a few miles upstream from its confluence with Lincoln Creek. The amount of arable land in the tract is not known, but it includes parts of the Lincoln Creek, Boss Fork, Foothills districts, and some irrigated land in the creek valleys. Certain partly irrigated bench land, locally called the Pocatello Bench, also is below the 4,800-foot contour, but it is largely south of the reservation and is not included in the tract. Consideration might be given to the possibility of diverting water from the Blackfoot Biver at an altitude of 4,800 feet and delivering the water through gravity canals to the arable land in the tract described.
Additional hydrologic studies would be necessary to derive valid estimates of the total quantity of usable water from all sources on the reservation and of the amount of land that could be supplied with irrigation water.
